The aim of this study was to evaluate the influence of bandwidth and echotime on the size of signal voids created by iron oxide nanoparticles on a guidewire.
Introduction
Iron oxide nanoparticles are frequently used in Magnetic Resonance Imaging (MRI) for different applications, such as guidewire visualisation.
12 Due to their paramagnetism these particles create signal voids and are therefore visible in MR images 3 . The conspicuity of these signal voids can be altered by changing certain MR acquisition parameters, allowing the visualisation of the particles in different anatomic settings. The aim of this study was to evaluate in a phantom the influence of both bandwidth and echotime (TE) on the size of the detected signal void from an experimental guidewire. Long term goal is to develop the necessary materials for vascular and trans-vascular interventions under MRI guidance.
Methods
All experiments were performed on a Philips Achieva 1.5T (Philips, Best, The Netherlands). Different concentrations of iron oxide nanoparticles (MagnaFy markers; Nano4imaging GmbH, Aachen) were affixed to prototype guidewires. The guidewires were placed in an agarose gel (Poly acrylic acid partial sodium salt; Aldrich Chemistry) filled container and secured in a plexiglass holding device. A single-slice balanced GE sequence with Field of View (FOV) 300mm, matrix 320x233, slice thickness 10mm with a TE of 2.1ms and a TR of 4ms was used. For interventional purposes this sequence was tuned for speed and termed the 'standard sequence'. We then changed the TE, TR and bandwidth of this sequence according to table 1, in order to be able to visualise guidewires better, whilst keeping the acquisition time at an acceptable level. Based on their concentration the iron oxide nanoparticles were sorted into a low, medium and high concentration group. The signal voids originating from the group containing the low concentration of particles was not measured, due to their small size. Signal voids were measured in horizontal and vertical direction. In total 10 particles containing sections were measured in the medium concentration group and 8 in the high concentration group.
Results
Figure 1 and 2 show MR images of the guidewires embedded in the agarose gel phantom, which were acquired with the standard sequence. As can be seen in tables 2 and 3, all modified sequences increase the size of the signal voids. The sequence with a TE of 3ms is close to the standard sequence with regards to acquisition time and TE and hence this sequence is appropriate in order to adjust the size of the signal void.
The standard deviation in all measurements was below 10%. 
Discussion
We were able to image guidewires containing different iron oxide nanoparticle concentrations, and to alter the size of their signal voids by changing the relevant MR parameters. The sequence with a TE of 3ms revealed the best compromise between imaging time and the size of the signal void. Notwithstanding, the size of the signal void may be easily increased further by increasing TE or reducing the bandwidth, should this be required during an interventional procedure. The next step is to optimise the MR parameters for the depiction of the set of guidewires in an in vivo animal model. 
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